Ligation of the diiron site of the hydroxylase component of methane monooxygenase. An electron nuclear double resonance study.
Electron nuclear double resonance (ENDOR) spectroscopy is used to probe the coordination of the mixed valence (Fe(II).Fe(III)) diiron cluster of the methane monooxygenase hydroxylase component (MMOH-) isolated from Methylosinus trichosporium OB3b. ENDOR resonances are observed along the principal axis directions g1 = 1.94 and g3 = 1.76 from at least nine different protons and two different nitrogens. The nitrogens are strongly coupled and appear to be directly coordinated to the cluster irons. The ratio of their superhyperfine coupling constants is roughly 4:7, which equals the ratio of the spin expectation values of the Fe(II) and Fe(III) in the ground state and suggests that at least one nitrogen is coordinated to each iron of the mixed valence cluster. Moreover, the superhyperfine and quadrupole coupling constants assigned to the Fe(III) site (AN = 13.6 MHz, PN = 0.7 MHz) are comparable with those observed for semimethemerythrin sulfide (AN = 12.1 MHz, PN = 0.7 MHz), for which the nitrogen ligands are histidines. At least three of the coupled protons exchange slowly when MMOH- is incubated in D2O, and 2H ENDOR resonances are subsequently observed. These observations are also consistent with histidine ligation of the iron cluster. On addition of the inhibitor dimethyl sulfoxide (Me2SO) to MMOH- the EPR spectrum sharpens and shifts dramatically. Only one set of 14N ENDOR resonances is observed with frequencies equal to those assigned to the Fe(III)-histidine resonances of uncomplexed MMOH- suggesting that the nitrogen coordination to the Fe(II) site is altered or possibly lost in the presence of Me2SO. 2H ENDOR resonances are observed in the presence of d6-Me2SO indicating that the inhibitor Me2SO binds near or possibly to the diiron cluster. In contrast, no 2H ENDOR resonances are observed from d4-methanol upon addition to MMOH-. Thus, the changes observed in the EPR spectrum of MMOH- upon addition of methanol may result from binding to a site away from the diiron cluster or from bulk solvent effects on the protein structure.